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Indium Phosphide Solar Cells 

I. Weinberg, Chairman 
NASA Lewis Research Center 
Cleveland OH 


The indium phosphide working group considered the folowing questions. 

1. What appears to be the most fruitful directions for InP solar cell research? 

2. What can be done to decrease cell cost? 

3. What can be done to increase cell efficiency? 

4. What measurements are needed for a better understanding of cell performance? 

5. n/p vs p/n? Is the question settled? If not what should be done? 

6. What is known about SRV? 

7. Which areas in radiation effects require additional effort? 

8. What are the major problems in cell contacting? 

9. Should the present level of InP solar cell research in the U.S.A. be maintained, 

increased or decreased? 

With regard to research directions, the working group recommended continued 
or additional effort on increasing cell efficiency, reducing cost and the production of 
larger area cells. Considering the latter it was felt that scale up was not a problem and 
that high efficiency cells with areas comparable to the present GaAs cells appeared 
to be feasible. 

Suggestions for reducing cell cost included heteroepitaxial growth on cheaper, 
sturdier substrates such as silicon or germanium, use of processes, such as CLEFT 
and peeled film technology, which enable one to reuse the presently used, expensive, 
InP substrate. It was suggested that new crystal growth techniques, to replace the 
presently used LEC method of crystal growth, could be helpful in reducing substrate 
cost. With respect to the latter an increase in the number of suppliers, by introducing 
more competitive pricing, would possibly tend to reduced substrate cost as would 
the more obvious procedure of procuring large quantities of substrates in a single 
order. Obviously this would depend on the capability and necessity of pioducing 
large quantities of solar cells or on initiation of a Mantech piogram. 

To increase cell efficiency, there is a need for lattice matched window materials 
in order to reduce the SRV. Semiconductors suggested for this application included 
AlAsSb and AlInAs with components in the appropriate proportions. The devel- 
opment of multibandgap cells is an obvious direction to take in attaining higher 
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efficiencies. While this would not necessarily lead to higher efficiencies for InP per 
se it could result in higher efficiency multicomponent cells, one component of which 
would be InP. Improved substrate material is a necessity in these efforts. Research di- 
rected at higher efficiency should also have as a goal the maintenance of high radiation 
resistance while at the same time yielding high BOL efficiencies. 

Measurements needed for a better understanding of cell performance include ab- 
sorption coefficients at wavelengths greater than 0.85 micrometers, minority carrier 
lifetimes, diffusion lengths, SRV and experimental determinations of heavy doping 
effects. Although there is presently some activity in several of these measurement 
areas, there is a need for determinations over a wide range of dopant concentrations. 
Also wherever feasible it would be desirable to perform measurements on the actual 
solar cell structures. 

The question of which configuration is preferable, n/p or p/n, is still undecided. 
Although several modelling efforts have yielded slightly higher theoretical efficiencies 
for the p/n configuration, additional experimental results are needed in order to make 
an intelligent choice. One would have greater confidence in the modelling results if 
more accurate input parameters were available. It was pointed out that, because of 
the lower emitter sheet resistance, the n/p configuration was preferrable for shallow 
junction cells. Furthermore, the problem of contacting p-type material needs to be 
considered in making the final choice. In addition, the few experiments in which both 
configurations were compared show a slightly lower radiation resistance for the p/n 
configuration at the higher 1 MeV electron and 10 Mev proton fluences. 

Considering surface recombination velocity, there is a need for making this diffi- 
cult measurement on actual solar cell surfaces. Modelling calculations suggest values 
approaching 10 7 cm/sec for the surface of heavily doped emitters. Although measure- 
ments on heavily doped InP, using photoluminescence, indicate values approaching 
this magnitude there is a need for direct measurements, if feasible, on actual solar cell 
emitter surfaces. It was pointed out that older measurements, which yielded SRV’s 
in the 10 3 -10 4 cm/sec range, were obtained on InP which was cleaved in vacuum. 
Hence, the need for real world measurements. 

In the area of radiation effects, there is a need to obtain data over a wide range 
of energies for both protons and electrons. Additional annealing experiments are re- 
quired, especially with regard to photon annealing. Flight experiments are a necessity 
and every effort should be made to seek out and utililize flight opportunities as they 
arise. Defect studies should be expanded to obtain a more definitive answer to the 
reasons for the superior radiation resistance of InP. 

The working group concluded that InP solar cell research in the US should be at 
least maintained at its present level and preferrably increased. The group surfaced 
a requirement for increased university participation in the areas of crystal growth, 
cell fabrication and analysis. In addition to strengthening the present program, this 
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would result in graduates trained in the special requirements presented by growth of 
InP crystals and cell processing. In addition the present program would benefit from 
increased activity in surface passivation and improvements in base substrate material 
quality. 
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Space Cell Theory and Modeling 

James Hutchby 
Research Triangle Institute 
Research Triangle Park, NC 

The workshop on PV Theory and Modeling was attended by about thirty people 
drawn from the industrial, government and academic communities 

Discussed during the workshop were current concerns in cell modeling, both gen- 
eral and material-specific, a discussion of PC-1D, a commercial PV modeling com- 
puter code, and future issues. The major points discussed at the workshop are dis- 
played in the following viewgraphs. 
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Current Issues in Cell Modeling--GaAs 
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Current Issues in Cell Modeling— InP 
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Description 

• One-dimensional solar cell model 
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Theory and Modeling-Conclusions 
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arameters--not well known 
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Cryogenic Reactant Storage for Lunar Base 
Regenerative Fuel Cells 

Lisa Koliout 

NASA Lewis Research Center 
Cleveland Oil 
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CRYOGENIC REACTANT STORAGE 
FOR LUNAR BASE REGENERATIVE FUEL CELLS 
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CLEVELAND, OHIO 



POWER TECHNOLOGY DIVISION 


r 



H 

O 

< 

05 

O 

E- 

E-« 

Z 

< 

H 


m 

hJ 

hJ 

w 

u 

w 

D 

Cn 

w 

> 

H 

<5 

05 

W 

Z 


^ w 

W m 
« § 


u 


SZ 

w 

o 

o 

>-• 

05 

u 


w 

cn 

03 

05 

£ 

05 

O 


a 

0 

02 

o 

H 

CO 


►J 

i-3 

a 

0 


E- 
Z 
C 
E-* 

0 
< 

Ed H 
05 > 


i-3 

Ed 

0 

a 


Edl 

> 

H. 

y 


W 


0 

HH 

Z 

Cd 

0 

O 

>* 

05 

o 

a 

O 

H 

U 

^3 

CU 

2 

>—* 

Ed 

00 

Ed 

Z 

3 

05 

Ed 

E- 

Ed 

Q 

O 

E- 


05 

Ed 

Z 

Ed 

0 

Ed 

05 

Ed 

£ 

a 

0 


Z 

O 

M 

E- 

0 

►—I 

J 

ou 

ou 

<3 

05 

-S3 

Z 

0 

0 


5 a 
^ o 
0u a 

° 3 

CO Ed 


C/D 

-*! 

3 


E- 

CO 

>* 

CO 


Ed _ 

a £ 


£ 

o 


o 

Ou 


£ 

< 

0 

Z 

Ed 

0 

O 

>- 

a 

u 

H 

SB 

-s3 

t- 

0 

-*3 

Ed 

a 


a 


o 

CO 

05 

6 

Ed 

Q 

SB 

-U 

H 

3 

04 

z 

o 

NM 

5 

a 

Ed 

0 


gg 

H w 

CJ 

B- 

a o 
£ z 

e-* i-m 
CO Q 

CO 2 

W g 

§s 


i-3 

J Q 

^ w 
a n 

Ed £ 

> s 

O 0 

CO 
05 CO 
Ed Ed 

* gs 

O Ou 

J J 

«sj -s! 

_ Z 

S ° 

t- ^ 

5 g 

6 g 

CO ^ 
Ed g 

OS ° 
0 

• 

&2 £ 
-S3 

a a 

Ed E- 


* 

o 

ou 


c^* 

K w 

co o 

3 05 

5S £-h 
a CO 

a co co 
a sh -j 
<3 CO 0 


o 

H 

5 


t- 
ffl 
0 Ed 


Ed 

* 

Sd 

SB 

*<! 

co 

CO 


0 

-sj 

OS 

O 

H 

(O 

CO 

0 

O 


a K 

0 CO 
-S3 
0 


a 

0 

0 

3 


CO 

a 

a 

-u 

E- 


0 

-S3 


25 

-*! 

a 

E-* 


E- 
Z 
<3 
E- 

a 0 


<3 

a 


os os 

o 


&- 

CO 

0 


a 

o 


Q 

Z 

0 

O 

ou 


z 
a 
0 
o 
^ a 
a a 
0 a 


E- 

o 

a 

a 

-u 

0 


a 

a 


z 

o 

N-4 

a 

a 

0 

a 

a 

a 

a 


co 

a 

a 

NH 

0 

a 
a a 
a * 


o 

a 


a 

0 

a a 
co a 


0 

z 

a 

0 

o 

s* 

a 

0 


n 

z 

-S3 

E- 

Z 

3 

a 


ai 

0 

H 

a 

a 

a 

C-4 




497 


POWER TECHNOLOGY DIVISION 


/ \ 




in 

nJ 

w 

u 

w I-J 
Cj 03 

◄ P 

05 ti, 
O 
E- 
cn 


03 

> 

E- 
< 
05 
03 

iz; 

w 
o 

03 
05 

~ w 
2; co 

w 2$ 

o cq 

2 « 

«1 

°§ 

h-3 


H 

£ 

E- 

o 

<3 

03 

05 


05 

O 


a 

u 

< 

o 

a: 

o, 

o. 

< 


03 

0 

05 

O 

E- 

CO U 

M 

Z * 
60 W 

CJ 0 

{h O 

S& 

O 05 
O 

Q 
£ 
◄ 


Q 

Z 

< 


z „ 
w ^ 


H 

s 

0> 

£ 

O 


0 
O 
05 
Q 
>* 
ffl 

d y 
Si 

S3 d 

°2[S 

w ^ z 
S3 B ?*J 
H H ^ 


03 

0 


03 
0 

^ CO 

DU Z o 
U ^ h 
05 H CO 


CO 

3S 

w 

H 

CO 

>-• 

CO 

* 

o 

in 

CM 

Q 

Z 

< 

* 

o 

CM 

05 

03 

Q 

t-H 

CO 

2: 

o 

u 


498 



RFC vs. Batteries for Varied Darkside Periods 
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Mission Darkside Hours 
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(INCONEL TANK MATERIAL) 
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REFRIGERATION CYCLE 
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DAYTIME SINK TEMPERATURE OF 220 DEG K WAS USED 
(VERTICAL ORIENTATION OVER SURFACE SHEET) 
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REFERENCE: "A METHOD FOR REDUCING THE EQUIVALENT SINK TEMPERATURE 
OF A VERTICALLY ORIENTED RADIATOR ON THE LUNAR SURFACE", 
D. BIEN AND D. GUENTERT, NASA LERC. 1968 
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(@ 22.512% EFFICIENCY, 110 DEG.C.) 
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(BASED ON SINGLE TANK PER REACTANT) 
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SYNERGISTIC USER BENEFITS ALSO EXIST - THE CRY0 RFC 
SYSTEM CAN PROVIDE L0X AND LH2 ON-SITE FOR OTHER USES 
(REFUELING, PROPELLANTS, ETC.) 
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